The mode of action of "allogeneic supernatant" (the culture supernatant of a 24-hr mixedlymphocyte reaction), has been studied. This factor stimulates the response of spleen cell cultures depleted in thymus-derived lymphoid cells (T-cells) to antigens that elicit a thymus-dependent response. We used a limiting dilution analysis, in which the frequency and size of response of individual bone-marrow-derived lymphoid cells (B-cells) could be measured. In confirmation of other reports, the occurrence of B-cells responding to antigen under different conditions was shown to follow a Poisson distribution in mouse spleen cell suspensions. Allogeneic supernatant increased responses to thymusdependent antigens, both by increasing the frequency of B-cells whose response is initiated and by increasing the numbers of antibody-forming cells obtained from each responding B-cell. Two fractions were obtained by dialysis of the supernatant. The nondialyzable fraction contained factors able to increase both the frequency of B-cells responding to sheep erythrocytes, and the size of the responding unit. The dialysate contained factors that were only able to increase the numbers of antibody-forming cells obtained per responding B-cell from B-cells whose response had already been initiated by antigen-specific T-cells.
The humoral response to a haptenic determinant coupled to a carrier structure (such as a heterologous erythrocyte) involves some cooperative activity between a hapten-specific bone-marrow-derived lymphoid cell (B-cell) whose progeny will eventually synthesize antibody and a carrier-specific thymus-derived lymphoid cell (T-cell) that performs some "helper" function but does not itself make antibody.
Abbreviations: ATXBM, adult thymectomized irradiated bonemarrow-reconstituted mouse; B-cell, bone-marrow-derived lymphoid cell; T-cell, thymus-derived lymphoid cell; LPS, lipopolysaccharide W, from Escherichia coli 055:B5; RBC, red blood cells; SRBC, sheep red blood cells; HRBC, horse red blood cells; Tnp, trinitrophenyl; thymus-dependent (-independent) antigen, an antigen, the response to which is severely depleted in (unaffected by) the absence of thymus-derived lymphoid cells; thymusdeprived mice, mice deprived of thymus and thymus-derived A variety of factors have been reported that will stimulate humoral response of mouse spleen cell suspensions lacking in T-cells when challenged with thymus-dependent antigens. These factors fall into two classes, those reported to be antigen-specific, and those thought to be nonspecific. Antigen-activated T-cells have been shown to secrete a factor, thought to be 7S IgM that will stimulate the response of T-cell-depleted spleen cells to that antigen, or haptens carried on that same antigen (1) (2) (3) (4) . T-cells also secrete nonspecific factors which will stimulate the response of T-cell-depleted spleen cells to thymus-dependent antigens (5-7). Hirst and Dutton (8) noted that spleen cells from neonatally thymectomized mice were restored by spleen cells from other strains of mice differing at the H2 locus more efficiently than by syngeneic cells. This so-called "allogeneic effect" was further studied by Katz, et al. (9, 10) and led to the idea that allogeneic mixtures of cells, in which very strong immune reactions were presumably occurring, might give rise to soluble factors active in vitro. Such soluble factors in culture supernatants have since been identified (11) (12) (13) (14) (15) .
The experiments desciibed in this paper were performed to determine the mode of action of these nonspecific factors in culture supernatants. Supernatants from cultures of normal or allogeneic mixtures of spleen cells were used. We studied the effect of these conditioned media on the initiation of response to antigen and expansion of response after initiation, using very small numbers of thymus-derived spleen cell suspensions cultured in a limiting dilution assay. Under these conditions most cultures do not contain a functional antigenspecific T-cell, and not every culture contains a responding antigen-specific B-cell. Thus, the frequency of B-cells able to respond to antigen in the presence of a particular T-cellreplacing factor could be determined. In addition, we were able to calculate the average size of responding clones appearing with each source of T-cell'activity.
MATERIALS AND METHODS
Animals. C57BL/6 and DBA/2 mice were obtained from Jackson Laboratories. BDF, mice (C57BL/6 female X DBA/2 male mice) were bred in our colony. Dr (19) . It was found essential to add 50 MM 2-mercaptoethanol to the medium of cultures with low cell density and it was therefore added to all cultures except where indicated. It has been suggested that 2-mercaptoethanol replaces the activity of macrophages in vitro (20) , and may also improve culture conditions (21) . 0.2% Suspensions (30 ul) of heterologous erythrocytes or erythrocytes to which haptens had been attached were added to the cultures as indicated.
Allogeneic Supernatant. Equal numbers of C57BL/6 and DBA/2 spleen cells were mixed and cultured for 24 hr at a final cell density of 107 cells per ml. The cultures were harvested, the cells were removed by centrifugation, and the supernatant was stored at -20°until used.
Antigens. Sheep red blood cells were heavily conjugated with the trinitrophenyl (Tnp) hapten as described (22) .
Lipopolysaccharide W, of Escherichia coli 0.55:1B5 (LPS), Difco, Detroit, Mich., conjugated with Tnp as follows, was kindly supplied by Dr. Diane Jacobs. LPS (100 mg) was dissolved in 5 ml of 0.27 M sodium cacodylate buffer, pH 11.3, 5 ml of the same buffer containing 60 mg of Tnp sulfonic acid were added, and the mixture was stirred for 2 hr at room temperature. The conjugate was dialyzed against saline and the concentration of Tnp bound was determined spectrophotometrically (23) . These experiments were performed with a preparation of Tnp-LPS containing 18 mol of Tnp per mol of LPS. Tnp-LPS was added to cultures at a concentration of 0.1 Mg/ml.
Assay Techniques. Plaque-forming cells were determined by a modified Jerne hemolytic plaque assay as previously described (19) . Cells that formed plaques in the presence of Tnp haptens were assayed with horse erythrocytes conjugated with small amounts of Tnp (Tnp-HRBC) (22, 24) .
Plaque-forming cells in the limiting dilution cultures were assayed by harvesting individual culture dishes into 12 X 75-mm disposable culture tubes, centrifuging down the cells, pouring off the supernatant, and adding agarose and indicator RBC at 44°directly to each tube before plating out the entire contents onto the assay slide. After incubation with complement in the usual way, the plaque-forming cells on each slide were counted, and, on the basis of this count, each slide was also scored as either positive or negative for the presence of plaques, which indicate the presence of clones of antibodyforming cells. The somewhat arbitrary decision was made to score slides with zero or one plaque as negative, two or more as positive for the presence of a clone. We considered that one plaque was not indicative of the presence of a clone of antibody-forming cells. been observed had the cut-off point for positive cultures been set, for example, between four and five plaques per dish, rather than between one and two.
Calculation of Limiting Dilution Results. As the number of spleen cells per culture was reduced, first antigen-specific T-cells, and then, in the presence of added T-cell activity, antigen-specific B-cells limited the appearance of plaqueforming cells in individual culture dishes. The frequencies of cultures responding under different conditions were analyzed according to Porter and Berry (25) (Fig. 3A) . As expected the frequency of SRBC-specific T- Comparison of the Properties of Allogeneic Culture Supernatant, Dialyzed Supernatant, and the Dialysate. Allogeneic culture supernatant was dialyzed overnight against an equal volume of normal medium. The dialysate was then stored, and the allogeneic culture supernatant redialyzed three times against a 5-or 10-fold excess of normal medium. Spleen cells from thymus-deprived animals were cultured at low numbers of cells per dish in either normal medium, allogeneic culture supernatant, extensively dialyzed supernatant, or the dialysate of allogeneic supernatant, now presumably at half concentration. Fig. 3B and Table 1 show the results of these experiments. Dialysis had little effect on the frequency of SRBC-antibody-forming precursor cells stimulated by allogeneic culture supernatant. The dialysate of the supernatant, however, stimulated less than twice as many precursor cells as normal medium. The fact that eight times as many precursor cells were stimulated in allogeneic culture supernatant at half concentration as in normal medium confirms the conclusion that the dialysate did not contain appreciable amounts of the factors that stimulate initiation of clones. Allogeneic culture supernatant at half the original concentration was unable to stimulate as great a frequency of responding units as the same supernatant used at full strength, indicating that the supernatant was being used in a titratable range.
By contrast, clones of plaque-forming cells, formed in the dialysate of allogeneic culture supernatant by cells taken from thymus-deprived mice, contained more plaque-forming cells per clone than those obtained in normal medium (Table  1) . Extensively dialyzed allogeneic culture supernatant and the dialysate gave rather more plaque-forming cells per clone than undialysed allogeneic supernatant.
Limiting Dilution Analysis of the Action of Allogeneic Culture Supernatant on Antigens that Elicit a Thymus Independent Response. ATXBM spleen cells were cultured at low cell concentrations with either Tnp-SRBC (thymus-dependent) or Tnp-LPS (thymus-independent) as added antigens, in either normal medium or allogeneic culture supernatant. The anti-Tnp response to Tnp-LPS has been shown to be thymus-independent in titro (26) . ATXBM cells contained very few units responding to Tnp when cultured in normal medium with Tnp-SRBC (Fig. 3C, Table 1 ). Their frequency was in the same range as that obtained for SRBC. Culture of the cells in allogeneic culture supernatant markedly raised the frequencies of responding units observed, though allogeneic culture supernatant of batch I was less active than that of batch II. Cells cultured with 0.1 lAg of Tnp-LPS per ml instead of Tnp-SRBC as antigen contained an even higher frequency of responding units, and this frequency was unaffected by the presence or absence of allogeneic culture supernatant in the cultures.
As in the case of the anti-SRBC response, allogeneic culture supernatant raised the number of plaque-forming cells per responding unit above that seen in ATXBM cells incubated in normal medium. This stimulation occurred whether SRBC or LPS was being used as the carrier, though it was more impressive for Tnp carried on SRBC, due to the very small size of Tnp-SRBC clones in normal medium.
DISCUSSION
The results reported in this paper confirm the observation of other authors, that B-cells able to respond to a particular antigen can be found in a Poisson distribution in suspensions of mouse spleen cells (27) . If T-cells are also limiting, deviations from the predicted distribution of responding B cells are obtained (28) .
For the anti-SRBC response, the response of these B-cells is normally limited by the availability of antigen-specific Tcells. T-cell activity was restored by adding either irradiated SRBC-primed spleen cells or allogeneic culture supernatant to cultures; the frequencies of B-cells able to respond to antigen under these different conditions were determined. We have shown that allogeneic culture supernatant, like irradiated carrier-primed cells, stimulated the thymus-dependent response to antigens by T-cell-depleted cultures, both by increasing the numbers of responding B-cells, and by increasing the numbers of plaque-forming cells produced by each responding B-cell. Allogeneic culture supernatant stimulated the response to the thymus-independent antigen Tnp-LPS, simply by increasing the size of responding units, and had no effect on their frequency.
Since functional antigen-specific T-cells were eliminated from these low-cell-density cultures, probably neither the Bcell clone-initiating nor clone-expanding activity of allogeneic culture supernatant is dependent upon the presence of specific T-cells. It is also unlikely that allogeneic culture supernatant operates by way of nonspecific T-cells, since it is active on cells from nude (athymic) mice (ref. 12, and our own preliminary experiments) both at high and low cell densities. The most straightforward conclusion from our experiments is that allogeneic culture supernatant causes B-cells bound to their specific antigen to start dividing, and differentiating into antibody-secreting cells, and to divide rapidly. It The existence of a nondialyzable high-molecular-weight fraction has already been reported (29) . Our own preliminary experiments (not documented here) show that three active fractions can be isolated from G-200 Sephadex. Two, presumably in the nondialyzable fraction, have molecular weights of greater than 150,000 and of 27,000. The other fraction is of low-molecular weight and is presumably present in the dialysate.
